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"he exosphe r i c  temperature  of Venus has  been calcu-  
la ted for  s e v e r a l  d i f f e r e n t  composition models of the 
atmosphere. The main purpose of these c a l c u l a t i o n s  is . 
t o  determine whether s u f f i c i e n t l y  d i f f e r e n t  tempera tures  
would be ob ta ined  fo r  the  va r ious  models, so t h a t  t h e  re- 
s u l t s  might provide  a n  estimate of t h e  composi t ion of 
! 
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I :  
. c  
t h e  lower atmosphere once the exosphe r i c  temperature  is 
measured. 
Atmospheric Models 
v The on ly  g a s  so f a r  p o s i t i v e l y  i d e n t i f i e d  to  ex i s t  
i n  the atmosphere of Venus i s  carbon d iox ide  (Kuiper, 1952). 
Its exact abundance, however, i s  v e r y  unce r t a in .  Es t imates  
have  ranged from;r80% (Kuiper, 1952, Bel ton  and Hunten, 1967) 
UP t o  
down t o  o n l y  1% of the t o t a l  atmosphere, (Chamberlain, 1965). 
A l s o  u n c e r t a i n  is t h e  n a t u r e  of the "o the r "  g a s  or g a s e s  I i V 
which make up t h e  rest  of t h e  atmosphere. Because of i t s  t 
l a r g e  abundance i n  t h e  e a r t h ' s  atmosphere, n i t r o g e n  i s  u s u a l l y  ! 
quo ted  as t h e  best candida te ,  b u t  r e c e n t l y  i t  h a s  been poin ted  
o u t  tha t  i f  the p r e s e n t  atmosphere of a p l a n e t  i s  a remnant 
l 
I 
of p r imord ia l  gaseous envelope t ha t  i t  acqu i red  during i t s  
format ion  then  N e  should  also be p r e s e n t  i n  s u b s t a n t i a l  
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L- 7 
Composition (% by Volume) of a Model P r i m i t i v e  
P l a n e t a r y  Atmosphere af ter  t h e  Loss of 
Hydrogen and H e l i u m  
p ropor t ions  (Rasool e t  a l ,  1966).  Table I shows one such 
c a n p o s i t i o n  model which has been de r ived  from t h e  r e l a t i v e  
abundances of elements  i n  t h e  solar system, as g iven  by 
Cameron, (1965), and on t h e  assumption t h a t  a l l  hydrogen 








With t h e s e  c o n s i d e r a t i o n s  i n  mind, c a l c u l a t i o n s  of t h e  
exosphe r i c  temperature  were carried o u t  for a tmospher ic  
models i n  which t h e  C02 amount v a r i e d  from 60% to 1% of 
2'  t h e  to ta l  atmosphere, whi le  t h e  o t h e r  gas w a s  e i t h e r  N 
Ne or He. 
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I n  a l l  cases i t  was assumed t h a t  t h e  mesopause t e m -  
0 
p e r a t u r e  i s  200 K (Rasool,  1963). The tempera ture  pro- 
f i l e  w a s  computed assuming t h a t  t h e  thermosphere i s  i n  con- 
d u c t i v e  e q u i l i b r i u m ,  solar  W i s  t h e  main source  of energy 
i n p u t  and t h e  r a d i a t i o n a l  cool ing  by CO (a t  4.66~) and by 
0 (a t  62y) is  t h e  p r i n c i p l e  
t h e  thermosphere i n t o  space. (Detai ls  of such c a l c u l a t i o n s  
are a v a i l a b l e  i n ,  for example, (McElroy e t  aL, 1966, Rasool 
et aL, 1966). 
Results 
mechanism of energy loss from 
The r e s u l t s  are shown i n  F igu re  1. It is i n t e r e s t i n g  
t o  n o t e  t h a t  t h e  exospher ic  temperature  f o r  a tmospheric  
models con ta in ing  l a r g e  q u a n t i t i e s  of CO mixed w i t h  N e  
or N is  i n  t h e  neighborhood of 600-800°~. However, when 
t h e  CO 
2 
2 
abundance is  less than  15% t h e  exosphe r i c  temperature  
2 
rises s t e e p l y .  For  1% CO and 99% N i t  could be as h i g h  as 
2 2 
3000'K. I n  t h e  case of a H e  - CO atmosphere,  i f  t h e  helium 2 
amount is  > 2096, t h e  exospher ic  temperature  is > 1000 0 K. 
A t  t h e s e  tempera tures  t h e  escape  of helium becomes very  
e f f i c i e n t ,  and t h e r e f o r e ,  t h e  models w i th  H e  > 20% are 
h i g h l y  uns t ab le .  For  t h e  composition g iven  i n  Table I t h e  
exosphe r i c  temperature  of Venus w i l l  be - 700 0 K. 
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From t h e s e  s t u d i e s  i t  appears  t h a t  a measurement of 
t h e  exospher ic  temperature  of Venus can h e l p  r e s o l v e  t h e  
h i g h l y  c o n t r o v e r s i a l  problem of whether CO 
s t i t u e n t  (Bel ton  and Hunten, 1967) or  makes up o n l y  1-1046 
of t h e  atmosphere (Spinrad ,  1962, Chamberlain, 1965)- 
i s  a major con- 
2 
Independent measurements of t h e  molecular  weight  of 
t h e  atmosphere m u s t ,  however, be made i n  o r d e r  t o  d e t e r -  
mine i f  t h e  " o t h e r "  major g a s  on Venus is  N e  or  N 
o b s e r v a t i o n s  w i l l  throw l i g h t  on t h e  problem of o r i g i n  
Such 
2'  
of Venus atmosphere. 
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F I G U R E  CAPTION 
F i g u r e  1. Exospher ic  t empera tu res  of Venus f o r  d i f f e r e n t  
a tmosphe r i c  m o d e l s  i n  which v a r i o u s  p r o p o r t i o n s  
of CO are mixed w i t h  e i t h e r  N N e  or He. The 
v a l u e s  of t h e  s o l a r  U.V.  f l u x  between and 
2 2 '  . 
11301 used  i n  t h e s e  c a l c u l a t i o n s  were t a k e n  
from H i n t e r e g g e r  et a l ,  1965. I t  was assumed 
t h a t  the h e a t i n g  e f f i c i e n c y  was 0.5. 
- .  
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Upper Atmosphere of Venus 
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